Introduction
Cyclohexane is a colorless liquid that has widespread industrial use primarily as a raw material and nonpolar solvent, as well as being used in laboratories as a standard. It is, due to its simplicity, a prototypical cyclic molecule that provides a useful proxy molecule for modelling cycloalkanes and their interactions in mixtures. This is of special interest to the oil and gas sector, where cycloalkanes (or naphthenes) make up a high proportion of crude oil. 1 There is thus a need to establish reference values of thermophysical properties of cyclohexane that are both accurate and thermodynamically consistent. For some time, the thermodynamic properties have been described by the existing equation of state (EOS), 2 and their representation is being improved by the development of a new EOS (Ref. 3 ) that is both more accurate and is valid over a wider range of thermodynamic conditions. The situation concerning transport properties and, in particular, viscosity is not so good. At present, no correlation of viscosity is available and if one wants to predict the viscosity of cyclohexane, one has to rely on generic correlations 4, 5 developed for a wide variety of fluids that have invariably traded the range of applicability for accuracy.
Recently, research and development of state-of-the-art viscosity correlations have gained renewed impetus. Under the auspices of the International Union of Pure and Applied Chemistry (IUPAC), a research program has been initiated to develop representations of the viscosity and thermal conductivity of industrially important fluids. The basic philosophy of the program is to make use of the best available experimental data, selected on the basis of a critical analysis of the measurement methods. This information is complemented with guidance available from theory to produce accurate, consistent, and theoretically sound representations of the transport properties over the widest range of thermodynamic states possible. The first fluid studied in this program was carbon dioxide, 6 and since then a plethora of viscosity correlations have been produced, using the same philosophy, covering among others: simple fluids, [7] [8] [9] alkanes, [10] [11] [12] [13] [14] [15] [16] [17] and water. 18 The present study is a continuation of this effort. The aim of this work is to critically assess the data available in the literature, and provide a correlation for the viscosity of cyclohexane that is valid over a wide range of temperature and pressure, covering the vapor, liquid, and supercritical fluid states.
Experimental Viscosity Data
Appendix A summarizes, to the best of our knowledge, the experimental measurements of the viscosity of cyclohexane reported in the literature, detailing the temperature and pressure ranges, number of data points measured and the technique employed to perform the measurements. Overall, measurements of the viscosity of cyclohexane were reported in 186 papers resulting in 1427 data points. Unsurprisingly, the vast majority of researchers (165 papers, 504 data points) have measured only the value of the liquid viscosity at atmospheric pressure mostly around room temperature, although some of the measurements extend to higher temperatures. Appendix A also contains a short list of reference works [206] [207] [208] that report recommended tabulated values of the viscosity of cyclohexane. Not all the papers 207 provide information on what experimental data were used to generate the tables. [206] [207] [208] Following the recommendation adopted by the IUPAC Subcommittee of Transport Properties [now known as The International Association for Transport Properties (IATP)], a critical assessment of the experimental data was performed to classify the data as primary and secondary. For this purpose, we used a set of well-established criteria 209 that among other things classify primary data as data obtained with an experimental apparatus for which a complete working equation is available and for which a high precision in measuring the viscosity has been achieved. Furthermore, the criteria stipulate that guarantee of the purity of the sample, including the description of purification methods, should be available. However, in many cases, such a narrow definition unacceptably limits the range of the data representation. Consequently, within the primary data set, it is also necessary to include results that extend over a wide range of conditions, albeit with poorer accuracy, provided they are consistent with other more accurate data or with theory. Based on these criteria, 15 datasets were considered primary data. Table 1 summarizes the primary data 81, 84, 88, [113] [114] [115] [116] 129, 131, 138, 152, 156, 159, 161, 193 detailing the temperature and pressure ranges, the authors' claimed uncertainty and purity of the sample, and the technique employed to perform the measurements. Some of the authors have only quoted the precision of their data, rather than uncertainty, in which case we left the relevant entry in Table 1 blank. The choice of primary data is discussed in more detail in Sec. 3, which also provides a comparison of the data by different workers. Figure 1 shows the temperature and pressure range of the measurements outlined in Appendix A with primary and secondary data distinguished. The primary data cover a wide range of temperatures and pressures of interest. In the ranges where no primary data were available, the secondary data were used to validate whether the proposed correlation extrapolates correctly.
Experimental measurements of viscosity are usually reported at a given temperature and pressure. In some cases, experimentally determined densities were also provided. For the development of a viscosity correlation that makes use of the available theory to provide guidance, temperature and density are the natural variables. Hence one requires an EOS to convert (T, P) pairs into corresponding (T, ρ) pairs. The use of EOS-generated density, rather than the one reported as part of the viscosity measurements, provides an additional level of consistency and further reduces the uncertainty of the developed viscosity correlation. For the purposes of this work, we have used a recent EOS developed by Zhou et al. 3 that covers the thermodynamic space from the triple point to 700 K, and up 116, 129, 156, 159, 161, 193 Secondary data: (+).
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to 250 MPa. Uncertainties in density are estimated to be AE0.1% up to 500 K, and AE0.2% above 500 K.
Methodology and Analysis
It is customary 210 in developing correlations of transport properties to take advantage of theoretical guidance on the functional form of the correlation as a function of temperature and density. Hence we express the viscosity h as the sum of four contributions, hðr; TÞ ¼ h 0 ðTÞ þ h 1 ðTÞr þ Dhðr; TÞ þ Dh c ðr; TÞ; ð1Þ where ρ is the molar density, T is the temperature, and the different contributions to viscosity, h 0 , h 1 , Δh, and Δh c , are the zero-density viscosity, the first-density coefficient, the residual viscosity, and the critical enhancement, respectively. The advantage of decomposing the viscosity in this fashion is that it is possible to examine each contribution in turn. The current theories provide us with a good understanding of the dilute-gas regime, where only binary molecular interactions occur, and of the behavior near the critical point, where the long-range density fluctuations contribute to a divergence of the viscosity at the critical point. 211 To a lesser extent we also understand the behavior of fluids at low density. 210 Hence, it is possible to make use of these theoretical developments, in conjunction with the available experimental data, to provide a more robust analysis of the zero-density viscosity, the first-density coefficient, and the critical enhancement than would have been possible by simply fitting to empirical functional forms.
In earlier works, 6 ,210 the residual viscosity also contained the first density term h 1 (ρ). The separation became a sensible step once the theory of initial-density dependence advanced sufficiently to allow for an independent analysis. 210 Here, we refrain from naming Δh as the "higher density terms of the residual viscosity," 11, 12 and opt for a simpler "residual viscosity" which adequately describes it.
The zero-density limit
The viscosity in the zero-density limit is not a quantity directly accessible from experiment. It is obtained by extrapolating the measured data at low density, along a given isotherm. Several investigators have measured the viscosity of cyclohexane at low pressure, see Appendix A, but only the data of Refs. 26, 37, and 113 qualify for the development of the correlation at zero density. We have chosen the data of Vogel et al. 113 as the only primary data set, as it covers an extensive temperature range (298-632) K, it was measured in a viscometer that satisfies all the requirements of a primary instrument, and based on previous measurements for other fluids it is demonstrably reliable within the low quoted uncertainty. However, note that the temperature range of the primary zero-density viscosity data is actually limited to (323 to 623) K, as only in this temperature range was the number of data points along each isotherm sufficient to perform an extrapolation to zero density. 113 The viscosity in the zero-density limit h 0 (T) was represented by means of a standard relationship in kinetic theory, 210, 211 that in practical engineering form is given by
where T is the temperature in Kelvin, M is the molar mass, S h is the effective collision cross-section in nm 2 and h 0 (T) is in μPa s. The numerical constant in Eq. (2) was obtained by the use of the recommended values of fundamental constants 212 and a relative molecular mass of 84.15948. 213 In developing the viscosity correlation, experimental values of S h have been derived from each of the primary data points and fitted to the empirical form,
where A 0 , B 0 , and C 0 are the adjustable parameters. The primary data set of Vogel et al., 113 consisting of 11 data points, was fitted by means of Eqs. (2) and (3). The fitting parameters are given in Table 2 and the deviations of experimental data from the zero-density viscosity correlation, Eqs. (2) and (3), are given in Fig. 2 . All the data are fitted within 0.15%, well within the claimed experimental uncertainty of extrapolated zero-density data of 0.2%-0.35%.
Traditionally, the development of a viscosity correlation in the zero-density limit relied on choosing a particular functional form for the effective cross-section, S h , and then using two scaling parameters, one for length, σ, and the other for energy, ɛ, to perform the fitting. 210 Historically, two functional forms were used for this purpose: one that arises from assuming that molecular interactions can be represented by an effective spherical Lennard-Jones (12-6) potential 214 and the other that employs a universal correlation for S h that is based on experimental data. 215, 216 The advantage of both functional forms is that extrapolation of the viscosity correlation to temperatures where measured data are not available is more reliable. Figure 2 illustrates the results of fitting the primary data for cyclohexane using the functional forms of S h corresponding to Lennard-Jones and the universal correlation. [214] [215] [216] By a judicious fitting of the scaling parameters (σ and ɛ), both the Lennard-Jones and universal correlation can be made to represent the data within systematic deviations of 1%, which is approximately 3 times as large as the claimed uncertainty of the measured data. This indicates that for large, cyclic molecules, the use of an effective spherical LennardJones potential or the universal correlation is only valid at the 1% level of uncertainty.
The initial density dependence
At subcritical temperature, in the vapor phase, the viscosity below a certain temperature initially decreases with increasing density before increasing at higher densities. 210, 217, 218 The existence of a viscosity minimum in density, which for cyclohexane occurs at temperatures below 520 K and is at 298 K of the order of 3% of the viscosity value, necessitates a separate analysis. It is customary to express the initial-density coefficient, h 1 , in terms of the second viscosity virial coefficient, B h , by means of
A number of workers [217] [218] [219] [220] have proposed functional forms for the second viscosity virial coefficient. These were initially based on modeling the moderately dense gas as a mixture of monomers and dimers which interact according to the LJ (12-6) potential, but are nowadays based on universal correlations developed by a judicious choice of experimental data and theory. 12, 220 Although eight data sets exist in the vapor phase, only the data of Vogel et al. 113 are sufficiently detailed to allow for the development of an initial-density correlation. We have, thus, used it as our only primary data set and have initially made use of the latest universal correlation 12 to represent it. The developed correlation with an optimal choice of scaling parameters σ and ɛ was found to predict the values quoted by Vogel et al. 113 outside their uncertainties. An empirical approach was therefore adopted and the initial density dependence was represented by a simple functional form
where A 1 , B 1 , and C 1 are the adjustable coefficients and ρ is the molar density in units of mol l À1 . The primary data set of Vogel et al., 113 consisting of 97 data points, was fitted by means of Eq. (5). For this purpose the zero-density viscosity correlation was extrapolated to 298 K in order to include the 11 data points in this temperature range. The fitted parameters are given in Table 3 and deviations of experimental data from the initial density correlation, Eq. (5), are given in Fig. 3 . All the data are fitted within 0.15%, which is within the claimed experimental uncertainty of 0.15%-0.3%. As the 11 data points in the temperature range (298-323) K were reproduced within their experimental uncertainty, one can surmise that the extrapolation of the zero-density correlation to 298 K is valid. Figure 3 also illustrates the deviation of all the other data sets available in the vapor phase, at pressures of 0.3 MPa and below, from the correlation given by Eqs. (2)- (3) and (5). We observe that four data points by Craven and Lambart 37 are underestimated by 0.5%-1.0% by the proposed correlation. The deviation is just outside the claimed uncertainty of the experimental data and is of the same order as observed for other gases. All the other experimental data points lie in a cluster which is on average underestimated by 2.5% by the correlation, with no obvious systematic trend either in density or temperature. Only the data of Golubev 62 cover a The value quoted at 273 K is most likely an extrapolated value, as it is unlikely that any measurements were made 6 K below the triple-point temperature. It would have required performing the measurements at a pressure below 5 mbar. As can be observed in Fig. 3 , the data of Golubev 62 do not display any systematic density trends, although they do have a bias. As these data are all at atmospheric pressure, the trend in density is the same as in temperature. Thus, it is safe to assume that the developed correlation has the correct temperature dependency when extrapolated to lower and higher temperatures.
Based on the agreement with the primary data set, we ascribe a combined expanded uncertainty with coverage factor of 2 to the viscosity correlation in the vapor phase, below 0.3 MPa, of 0.5% in the temperature range (323-673) K. Outside this temperature range, we estimate the uncertainty to increase to 1% at the triple point and 2% at 873 K.
The critical enhancement
In the vicinity of the critical point, the viscosity of a pure fluid exhibits an enhancement that diverges at the critical point. 221 Unlike thermal conductivity and heat capacity, where the critical enhancement is evident in a rather large region, the viscosity critical enhancement is of local character. The studies on CO 2 and C 2 H 6 indicate that the ratio Δh c /h exceeds 0.01 only in the region which is approximately within 2% in temperature and 35% in density of the critical point. 6, 11 For cyclohexane this region would cover 542 < T/K < 565 and 2.10 < ρ/(mol l À1 ) < 4.35. Only 2 of the viscosity data points measured by Grachev 115 at 554.15 K fall within the critical region. However, our initial analysis of the data by Grachev appeared to indicate that the magnitude of the critical enhancement is much larger than expected. Figure 4 illustrates the behavior of Grachev's data 115 along three isotherms (554.15, 554.65, and 558.15) K in the vicinity of the critical isotherm, 553.6 K. Although the viscosity data along the 554.15 K isotherm does indicate the presence of critical enhancement, its magnitude is inconsistent with previous studies. For instance, for ethane at 0.3 K above the critical temperature, the maximum critical enhancement is of the order of 1 μPa s, which corresponds to an increase of about 3% in viscosity. 11 For cyclohexane, however, the experimental data 115 by Grachev at 2.567 mol l À1 indicates a critical enhancement of 60%, which corresponds to an increase in viscosity of 13.5 μPa s. More importantly, the data along the 558.15 K isotherm show an unphysical decrease in viscosity around the critical region. This casts further doubt on the accuracy of the measurements made in this apparatus 115 near the critical temperature. It is thus not possible to classify these data as primary nor to determine the critical viscosity enhancement with any degree of certainty.
Hence, the lack of reliable data prevents the development of the critical enhancement contribution for cyclohexane. In line with the development of other correlations, 7,9,10,12-17 the critical enhancement contribution is taken as zero.
The residual viscosity
There is no theoretical guidance for the residual-viscosity contribution and hence the existence of accurate experimental data covering a wide range of temperature and pressure is paramount for developing reliable correlations. Out of the available viscosity data sets, only 19 cover a wide range of temperature and pressure. These measurements were performed using a variety of instruments, not all of which could be considered as primary. Initially, the data of Matsuo and Makita 138 and Padua et al., 152 obtained in a capillary and in a vibrating-wire viscometer, respectively, were chosen. The primary data set, thus, covered the temperature range (298-348) K and pressures from 0.1 up to 48 MPa. Further analysis of the data of Isdale et al., 81 Kashiwagi and Makita, 88 Berstad, 114 and Tanaka et al. 131 indicated that these data agree with the initial selection of primary data within the claimed uncertainty over the whole range of temperatures and pressures. Hence, these data were also included in the primary data set. The main advantage of including these data is that the primary data covered pressures up to 110 MPa and temperatures up to 441 K. However, the upper temperature limit of 441 K still placed all the data firmly in the liquid part of the phase diagram. In order to extend the temperature range, we made use of data by Grachev et al. 115 Figure 5 illustrates the comparison of Grachev et al. 115 data at 323 and 348 K with the other primary data measured at those temperatures. 81, 88, 131, 152 In order to perform the comparison between the different data sets, we used at each temperature a quadratic polynomial fit in density to Tanaka et al. 131 data as the base line. It is clear from Fig. 5 that the Grachev et al. 115 data exhibit a systematic deviation from the primary data at higher densities. A comparison with the primary data set at all temperatures indicates differences of the order of 5%.
Although this would eliminate Ref. 115 from being considered as primary data, it was deemed useful to include a selection of these data in order to extend the temperature range of the correlation. Bearing in mind that this would also involve including measurements of uncertain provenance near the critical region, as discussed in Sec. 3.3, we have eliminated 18 data points that fall in the temperature range 548 < T/K < 558 and density range 2 < ρ/(mol l À1 ) < 5. Thus, we have included the remaining 285 data points measured by Grachev et al. 115 at temperatures from 473 to 673 K in the primary data set, but have increased the uncertainty to 5%. This choice did not jeopardize the low uncertainty of the developed correlation up to 441 K and it allowed for extension to higher temperature, albeit with the higher uncertainty.
Finally, the primary data set was supplemented with six sets of viscosity measurements 116, 129, 156, 159, 161, 193 of liquid cyclohexane at atmospheric pressure covering the temperature range (283-348) K and one set of measurements 84 along the liquid saturation line covering the temperature range (283-393) K. In summary, 495 data points covering the temperature range (283-673) K and pressures up to 110 MPa measured in 14 different viscometers were used as the primary data for the development of the residual viscosity contribution.
All the viscosity data were converted from the h(T,P) to h(T,ρ) representation by means of the recent EOS of Zhou et al. 3 The residual viscosity was generated by subtracting from each data point the zero-density value, Eqs. (2) and (3), and the initial density contribution, Eq. (5). The resulting data set exhibits classical features of the h(T,ρ) representation: (i) viscosity increases steeply at temperatures and densities near the solidification line and (ii) there are no data along subcritical isotherms at densities that lie within the two-phase region. This makes the choice of the functional form to fit the data rather difficult. As a result, a number of existing viscosity correlations exhibit non-monotonic behavior in the two-phase region. This is not surprising as there are no viscosity data at these densities to guide the correlation. Although this is not an issue if one is only interested in the viscosity of a pure substance, it limits the use of such viscosity correlations as a reference equation or to represent a particular species when calculating mixture viscosity. Hence, it precludes their use in corresponding states 210 or in VW models. [222] [223] [224] In this work, we have constrained the fitting of the experimental viscosity data in such a way that the resulting correlation within the two-phase region is a continuous, monotonically increasing function of density at all temperatures.
The residual viscosity is represented as a function in reduced temperature, T r ¼ T/T c , and reduced density, ρ r ¼ ρ/ρ c , as Dhðr; TÞ ¼ X i¼2:2;2:5;2:8
where D i,0 and D i,1 are adjustable coefficients. In this instance, we have used fractional powers to allow us more flexibility in fitting the experimental data with the constraint imposed on the behavior in the two-phase region. The procedure adopted during this analysis used the R software for statistical computing 225 to fit Eq. (6) to the primary data. The uncertainties quoted in Table 1 were used to determine relative weights. As described previously, data from Grachev et al. 115 were assigned an uncertainty of 5%. The primary data at atmospheric pressure where the authors have not quoted the uncertainty 159, 161, 193 were, for fitting purposes, assigned an uncertainty of 0.5%, in line with the other primary atmospheric data. The optimal coefficients D i,0 and D i,1 are shown in Table 4 . The critical temperature T c (553.6 K) and critical density ρ c (3.224 mol l À1 ) were obtained from Ref. 3 . Figures 6-8 illustrate the percentage deviations of the primary viscosity data used in developing the correlation from the developed viscosity correlation, Eqs. (1)- (3), (5), and (6). Figure 6 illustrates the agreement with the experimental data in the liquid region for temperatures from 283 to 441 K and pressures from saturation to 110 MPa. All the experimental data 81, 88, 114, 131, 138, 152 are reproduced by the proposed correlation within 2.5%, with no systematic trend in any of the data sets. exhibit an average absolute deviation (AAD) of 0.9%, bias of 0.7 and maximum deviation of 2.4%. Although the deviations of these data from the correlation are within the claimed uncertainty, there is a bias at high densities that was not fully reconciled within the proposed correlation. The deviations between different authors tend to increase with increasing density, leading to a larger uncertainty of the proposed correlation at higher pressures and at lower temperatures. Figure 7 illustrates the agreement with the experimental data of Grachev et al. 115 that were used to supplement the primary data set in the temperature range (473-673) K. The data are reproduced with an AAD of 1.7% and a maximum deviation of À8.4%. There was one datum (573.15 K, 60 MPa), not shown in Fig. 7 , where a deviation of À18% was observed. Based on further analysis of the correlation in the vicinity of this point and the deviations of neighboring data points, it was concluded that this particular experimental point is an outlier. There are a couple of isotherms (523 K and 548 K) that exhibit systematic deviations from the correlation as one approaches the liquid saturation density. Furthermore, at low densities the deviations systematically increase with decreasing pressure, reaching a maximum value of 4% at the lowest pressure measured (1 MPa). All this confirms that the Grachev data are of much higher uncertainty than the rest of the primary data and that assigning it a value of 5%, as we did earlier, is a reasonable conservative choice. Figure 8 illustrates the agreement of the developed viscosity correlation with the primary experimental data at atmospheric pressure that cover the temperature range (283-373) K, in the (6) (1)- (3), (5), and (6) liquid phase. All of the data are reproduced within 0.6%, with the exception of a single datum of Grachev et al. 115 at 280 K. Although this is outside the claimed uncertainty of a number of authors, especially those who measured around room temperature, the spread of data between different laboratories does indicate that the proposed correlation represents the primary experimental data as well as could have been expected. Knapstad et al. 116 and Papanastasiou and Ziogas 129 claim low uncertainty for their data, of the order of 0.2%-0.3% (see Table 2 ), and the mutual agreement observed between them (see Fig. 8 ) confirms it. It is reassuring that the proposed viscosity correlation predicts these two sets just outside their claimed uncertainty. The only systematic deviation is observed when comparing with the data of Ihmels. 156 However, the deviations are within the claimed uncertainty of the data, see 116 is approximately 0.8%, which is just outside the combined uncertainty of both sets of data. Table 5 summarizes the agreement between the primary experimental data and the proposed viscosity correlation for cyclohexane in the liquid and supercritical regions. The correlation recaptures the entire set of primary data with an AAD of 1.0%, zero bias and maximum deviation of À8.4%. Although the uncertainty of the correlation in the liquid and supercritical region can be estimated based on the overall agreement with the primary data set, we have taken a different approach and examined the agreement for different ranges of temperature and pressure. The choice of the temperature and pressure ranges was based on the availability of primary data and their quality, measured in terms of ascribed uncertainty. Thus we have estimated the overall uncertainty of the correlation defined as the combined expanded uncertainty with a coverage factor of 2 as follows: (i) at atmospheric pressure in the temperature range from the melting point 3 (279.52 K) to the boiling point 3 (353.865 K), we estimate the uncertainty to be 0.5%; (ii) for pressures lower than 0.1 MPa, we estimate the uncertainty in the liquid region to be 1%; (iii) for pressures higher than 0.1 MPa and up to 110 MPa in the temperature range from the triple point to 441 K, we estimate the uncertainty to be 2%; (iv) everywhere else, in the liquid and supercritical region, we estimate the uncertainty to be 5%.
Overall Viscosity Correlation
The viscosity correlation of cyclohexane as a function of temperature and density is represented by Eqs. (1)- (3), (5), and (6) with the coefficients given in Tables 2-4 . The correlation is valid in an extended temperature range. The lower temperature limit corresponds to the triple point of cyclohexane 3 (279.45 K), while the upper temperature limit depends on the pressure. At densities corresponding to pressures below 0.3 MPa, the viscosity correlation is valid up to 873 K, while at higher pressures the viscosity correlation is valid to 700 K. Figure 9 illustrates the behavior of the viscosity correlation as a function of density along the 300 K and 700 K isotherms. We observe a 100-fold increase in viscosity over the range of densities covered, with a steep increase in viscosity at the highest densities. Nevertheless, the proposed correlation is well-behaved within the two-phase region, where no data are available to constrain the correlation; for all isotherms, viscosity exhibits a monotonic increase with density. The behavior at densities corresponding to the two-phase region makes the present correlation suitable as the basis of developing a reference corresponding-states correlation for cyclic hydrocarbons 210 or as part of the VW model [222] [223] [224] to predict the viscosity of mixtures containing cyclohexane. 
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It is possible to extrapolate the proposed viscosity correlation up to 200 MPa by making use of the densities calculated from the Zhou et al. 3 EOS. The correlation extrapolates in a well-behaved fashion and the viscosity increases monotonically as a function of density along all isotherms. The validity of the extrapolation is supported to a certain extent by comparison with the secondary data. Jonas et al. 83 measured 25 points in the temperature range from 313 to 383 K, up to 210 MPa. Six measurements of viscosity were performed at pressures above 110 MPa. The AAD and MD of these six points are 4.0% and À7.6%, respectively, which compares favorably with the AAD (3.6%) and MD (À9.8%) of the 19 points at pressures that fall within the pressure range of the current correlation. Furthermore, the single data point of Isdale et al. 81 at 373 K and 200 MPa, that was not part of the primary data set, is reproduced with a deviation of 1.8%. Figure 10 summarizes the estimated combined expanded uncertainty with coverage factor of 2 of the proposed viscosity correlation as a function of temperature and pressure. Table 6 contains the recommended values of viscosity of cyclohexane at a selected number of temperatures and pressures which broadly cover the range of the proposed viscosity correlation. Table 7 contains the recommended values of viscosity of cyclohexane along the saturation line.
Appendix B contains Figs. 13-15 that summarize the deviations of the secondary data from the current correlation. Although some data exhibit deviations that are similar to those observed for the primary data, there are a number of experimental data sets that exhibit large and systematic deviations that cannot be reconciled with the other available data.
Comparison with the available recommended data
Although no other viscosity correlation of cyclohexane is available in open literature, there are a number of tables of recommended values [206] [207] [208] together with the Refprop software implementation. 226 In this section, a brief comparison is carried out. Figure 11 illustrates the deviation of the viscosity values calculated using the Refprop correlation 226 033101-10 TARIQ ET AL.
current correlation along a selected number of isotherms. The agreement at low temperatures in the liquid phase is good, while at higher temperatures (T > 400 K) larger and more systematic differences are observed. Figure 12 illustrates the deviation of the available tabulated values of the viscosity of cyclohexane from those obtained using the current correlation. The tabulated data given in Refs. 207 and 208 are in good agreement at low temperatures, but at higher temperatures the tabulated values exhibit increasingly higher deviations. The tabulated data of Stephan and Lucas 206 show systematic deviations that increase with temperature for any pressure. The trend can be traced to the choice of primary data by Stephan and Lucas who relied on the data of Guseinov et al. 69 at higher temperatures and pressures. Table 8 is provided to assist the user in computer-program verification. The viscosity calculations are based on the tabulated temperatures and densities.
Computer-Program Verification

Conclusion
A new wide-ranging correlation for the viscosity of cyclohexane has been developed based on critically evaluated experimental data. The correlation is valid from the triple point to 873 K at pressures below 0.3 MPa, and from the triple point to 700 K at pressures up to 110 MPa. The correlation is expressed in terms of temperature and density, where the densities were obtained from the equation of state of Zhou et al. 033101-14 TARIQ ET AL.
